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Tetraplegia after elective abdominal aortic
aneurysm repair
Annabel FK Moore, MSc, FRCS, and O. E. Klimach, MS, FRCS Rhyl, United Kingdom
Spinal cord ischemia after elective infrarenal aortic aneurysm repair is extremely rare, and documented cases that are
described are of paraplegia. This case of tetraplegia occurred in a 64-year-old man with disabling claudication after an
aortobifemoral graft repair for occlusive disease associated with a 5-cm infrarenal aneurysm.Magnetic resonance imaging
supported lower cervical spinal cord ischemia, an unusual area for ischemia during aortic clamping since this area is
usually most resistant. Because the lower thoracic and upper lumbar region, typically T8, is more susceptible to ischemia
due to the variable collateral spinal cord circulation, the level of clamping was unlikely to be responsible. Other causes are
considered. It was likely to be multifactorial and illustrates the need for great attention to detail in perioperative
management and patient consent. ( J Vasc Surg 2006;44:401-3.)Spinal cord ischemia is a rare complication of aortic
surgery predominantly associated with thoracoabdominal
aortic aneurysms. The incidence of paraplegia can be re-
duced to 10% with spinal cord monitoring and cord
protection, including cooling, selective intercostal and
lumbar vessel reimplantation, and cerebrospinal fluid
(CSF) drainage.1 This is a major achievement compared
with previous incidences of 34% for types I and II repairs
and 5.2% for types III and IV.2 Although it does occur after
abdominal aortic aneurysm (AAA) surgery and infrarenal
AAA repairs, the incidence is 0.25%, rising 10-fold in an
emergency setting, typically with a high aortic clamp at L1
or T12.3
The etiology often affects the anterior spinal artery,
resulting in ischemia at watershed areas of the circulation.
For tetraplegia to occur after elective AAA repair, the lower
half of the cervical cordmust be affected. This is an area that
is usually resistant to hypoperfusion because it is supplied
by the vertebral artery and a constant artery from the
costocervical trunk, a branch of the subclavian artery. It is
not thought to be at risk during aortic clamping. We report
a unique case of tetraplegia after elective infrarenal AAA
repair and discuss its cause.
CASE REPORT
A 64-year-old man with disabling claudication underwent an
aortobifemoral graft repair for angiographically proven occlusive
disease associated with a 5-cm infrarenal AAA found on ultrasound
imaging. His upper limbs were clinically disease free. He had a
history of hypertension, myocardial infarction 12 years previously,
and pelvic surgery followed by radiotherapy for bladder cancer, and
was a former smoker. He was taking aspirin and -blockers.
Clinically, he was obese and in sinus rhythm, with a blood pressure
of 180/60 mm Hg. His femoral pulses were just palpable, but his
pedal pulses were absent.
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doi:10.1016/j.jvs.2006.04.003Intravenous digital subtraction angiography revealed a partly
thrombosed 5-cm AAA extending to the bifurcation. The left
common iliac artery was tightly stenosed, the left internal iliac
origin was 50% stenosed, and the left external iliac was stenosed
proximally. The left superficial femoral artery was occluded, with
profunda collaterals reconstituting the calf vessels. The right inter-
nal iliac was virtually occluded with 70% stenosis at the bifurca-
tion, and the external iliac was narrowed with calcific stenotic
atheromatous changes in the right common femoral artery.
An epidural catheter was inserted at L1/2 after a failed at-
tempt at T10 because of body habitus, and a central venous
pressure catheter was inserted. Operatively under general anesthe-
sia, both common femoral arteries, profundae, and superficial
femoral arteries were pulseless, and a 5-cm infrarenal AAA was
found. Both common iliacs were ligated proximally, and an infra-
renal aortobifemoral graft was inserted with proximal aortic end-
to-end and distal end-to-side femoral anastomoses with hepa-
rinization before aortic clamping and protamine reversal on graft
completion. The inferior mesenteric artery was not reimplanted,
and bleeding lumbar vessels were transfixed. Retrograde pelvic
perfusion was achieved. A systolic pressure 100 mm Hg was
maintained intraoperatively.
Postoperatively, the patient was alert and his legs were warm.
He moved his limbs before transfer to intensive care, where he was
self-ventilating with initially a slightly low blood pressure of 85/45
mmHg. At 12 hours postoperatively he was noted to be anesthetic
from T2, with paralysed arms and legs. The epidural was stopped.
An immediate magnetic resonance imaging (MRI) scan of the
cervicothoracolumbar spine showed expansion of the cord maxi-
mally at T2, a vascular watershed area compatible with spinal cord
ischemia, and some petechial hemorrhages at T2 and C4. Spondy-
lotic changes were evident in the cervical region, but no hematoma
or extradural collection was found surrounding the spine. The
routine preoperative imaging and MRI study did not report any
major aortic arch or upper limb disease, although this was not the
area of focus.
The patient underwent CSF drainage for 72 hours, maintain-
ing a pressure of 10 cm H2O, and methylprednisolone treatment.
This was commenced after theMRI scan and contact with a tertiary
referral unit. He regained some movement in his right arm with
patchy sensation. However, because of the high level of cord
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culminating in a tracheostomy. He underwent rehabilitation and
was eventually discharged. The final spinal injury assessment clas-
sified the lesion as a C5 incomplete tetraplegia, Frankel grade B.4
DISCUSSION
Tetraplegia because of cord ischemia has been reported
secondary to vertebral artery dissection causing an anterior
spinal artery syndrome, arteritis, embolic or thrombotic
episodes, direct compression from an abscess or hematoma,
or infection.5 It has also been reported after physical exer-
tion with compression of the anterior radicular-medullary
arteries or cervical anterior spinal artery against the anterior
bony spinal canal.6 Vascular anomalies remain the most
common cause, however.5 The MRI excluded cord com-
pression by hematoma or abscess, both possible complica-
tions after epidurals, and the images were not suggestive of
a vascular anomaly.
Although cases of direct compromise of the cord’s
blood supply on epidural insertion have been reported, the
level is wrong in this case.7 It is possible that an opiate
epidural may have contributed to the ischemia, resulting in
a delayed ischemia-reperfusion injury and not solely
masked its detection.8 There are cases of anterior spinal
artery syndrome occurring during the postoperative period
after thoracic aortic surgery reflecting an ischemia-
reperfusion injury. This case was delayed in onset and may
reflect a postoperative or intraoperative event, or both,
making the cause even harder to determine. Vertebral
column manipulation and prolonged hyperlordotic posi-
tioning of the patient is also a mechanism associated with
spinal cord ischemia.9 It is possible that a similar mecha-
nism could involve the cervical spine during intubation or
patient positioning, because the MRI showed evidence of
spondylotic changes.
The act of aortic clamping is unlikely to have contributed
to the event. The clamp was infrarenal and applied to a vessel
that was already distally occluded. Thus, pressure changes on
clamping should have been minimal, although steal may have
arisen on declamping. The level of clamping is unlikely to have
interrupted the main blood supply of the cord.
The spinal cord is supplied by two posterior spinal
arteries running the length of the cord in the posterolateral
sulci that perfuse most of the posterior white and posterior
gray columns. Anteriorly, a solitary anterior spinal artery
running in the anterior median fissure supplies the remain-
der of the cord, including the anterior horns, central gray
matter, lateral horns, Clarke’s columns, and the anterior
and lateral tracts, including pyramidal tracts. It is narrowest
in the region of T8. Small posterior and anterior radicular
feeder arteries accompany the nerve roots entering via the
intervertebral foramina to supply the spinal arteries, and
this is further supplemented by larger medullary feeders
arising from variable segmental spinal arteries, usually eight
anterior and 12 posterior.10
A dominant unilateral great anterior medullary artery,
also termed the great anterior radicular artery of Adam-
kiewicz, after the Polish pathologist, usually runs with thelower thoracic or upper lumbar spinal root on the left side.
It arises on the left from T9 to T12 in 74%, from L1-L2 in
10%, and from T5-T8 in 15%,11 but can arise as low as
L4.12 Its interruption by emboli, clamping, or thrombosis
may result in spinal cord ischemia at watershed areas in the
cord, resulting in anterior spinal artery syndrome mani-
fested by motor loss and dissociated sensory loss.13
The most vulnerable part of the spinal cord to infarc-
tion involves the lower thoracic and upper lumbar region
and is probably maximal at T8, which lies well outside our
area of interest. During thoracoabdominal aortic surgery,
numerous precautions are used to limit cord ischemia.
These include CSF drainage, intercostal artery reimplanta-
tion, implantation of all the lower intercostals and lumbar
arteries, or selective ligation and implantation after the use
of nerve stimulation potentials.14,15 Some cases indicate
that it is the number of intercostals rather than an exact
level or solitary vessel that is important, going against the
Adamkiewicz theory.16
This case showed most marked ischemia at T2 with
petechial hemorrhages at C4 and T2. The caudal cervical
and rostral thoracic cord receive their main supply via a
constant artery arising from the costocervical trunk, a
branch of the subclavian artery and less susceptible to
atheromatous change, in addition to radicular arteries from
the vertebral artery. It is usually the most resistant area to
hypoperfusion, which makes this case particularly unusual,
although a short period of hypotension occurred. Radicular
branches of the vertebral artery supply the middle cervical
segments. The vertebral artery is most prone to dissection,
but this did not occur in this case. The risk of spinal cord
ischemia increases in the setting of aortic surgery with
relative pelvic ischemia,17 which would apply to this case,
but he had no evidence of colonic ischemia, and as already
discussed, the level of ischemia was too high for the clamp
to be responsible unless there was a major congenital
abnormality of the spinal cord’s blood supply.
This case is fortunately rare and involved a high-risk
candidate with advanced generalized vascular diseases un-
dergoing major surgery. Whilst numerous mechanisms
have been explored, the exact timing and cause for the
ischemia resulting in tetraplegia remain debatable. It is
likely to be multifactorial but illustrates the need for great
attention to detail in perioperativemanagement and patient
consent.
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